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To all whom it may concern: 

Beit known that I, NIKOLA TESLA, acitizen 
of the United States, residing in the borouga 
of Manhattan, in the city,,county, and State 
s of New York, have invented certain new and 

useful Improvements in Methods of Insulat- 
ing Electric Conductors, of which the follow- 
ing is a specification, reference being had to 
the accompanying drawings. 

It has long been known that’.many sub- 
stances which are more or less conducting 
when in the fluid condition become insula- 
turs when. sqlidified. Thus water, which is 
in a measure conducting, acquires insulating 
properties when converted intoice. The ex- 
isting information on this subject, however, 
has been heretofore of a.general nature only 
and chiefly derived from the original observa- 
tions of Faraday, who estimated that the sub- 
stances upon which he experimented, such 
as water and aqueous solutions, insulate an 
electrically-charged conductor about one hun- 
dred times better when rendered solid by 
freezing, and no attempt has been made to 
improve the quality of the insulation obtained 
by this means or to practically utilize it for 
such purposes as are contemplated in my pres- 
ent invention. In the.course of my own in- 
vestigations, more especially those of the elec- 
trie properties of ice, I have discovered some 
novel and important facts, of which the more 
prominent are the following: first, that under 
certain conditions, when the leakage of the 
electric charge ordinarily taking place ‘is rig- 
orous'y prevented, ice proves itself to be a 
much better insulator than has heretofore ap- 
peared; second, that its insulating properties 

.may be still further improved by the-addi- 
tion of other bodies.to the water; third, that 
the dielectric strength of ice or other frozen. 

- aqueous substance ineréases with the reduc- 

tion of temperature and corresponding in- 
crease of hardness, and, fourth, that. these 
bodies afford a still more effective insulation 
for conductors carrying intermittent or alter- 
nating currents, particularly of bigh rates, 
surprisingly-thin layers of ice being capable 
of withstanding electromotive forces of many 
hundreds and even thousandsof.volts. These 
and other observations have led me to the in- 
vention of a novel method of insulating con- 


above facts and advantageous in the utiliza: 
tion of electrical energy for indtistrial and 
cominercial purposes. 

This method consists in insulating an elec- 
trie conductor by freezing or solidifving and - 
maintaining in such state the material sur- 
rounding or contignous to the conductor, 
using for the purpose a gaseous cooling agent 
circulating through one or more suitable chan- 
nels extending through or iu proximity to the 
said material. 

Id the practical carrying out of my method 
I may employ a hollow conductor and pass 
the cooling agent through the same, thus 
freezing the water or other medium in con- 
tact with or clos9.to such conductor, or [may - 
use expressly for the circulation of the cool- 
ing agent an independent channel and freeze 
or solidify the adjacent substance in which 
any number of conductors may be embedded. 
The conductors may be bare or covered with 
some material which is capable of keeping 
them insulated when it is frozen or solidified. 
The frozen mass may be in direct touch with 
the surrounding medium, or it may bein a de- 
gree protected from contact with the same by 
an inclosure more or less impervious to heat. 
The cooling agent may be any kind of gas, as 
atmospheric air, oxygen, carbonic acid, am- 
monia, illuminating-gas, or hydrogen. Itmay 
be forced through the channel by pressure or 
suction produced mechanically or otherwise. ~ 
It may be continually renewed or indefinitely 
used, being driven back and forth.or steadily - 
circulated in closed paths under any suitable 
conditions as regards pressure, density, tem- 
perature, and velocity. . Y 

To conduce to a better. understanding of 
the invention, reference is now made to th 
accompanying drawings, in which— : 

Figures 1, 3, 6, 7, 8, and 9 illustrate in lon- 
gitudinal section typical ways of carrying out 
my invention; and Figs. 2, 4, §&, and 10, in 
section, or partly so, constructive details to be 
described. ; 

In Fig. 1, C is a hollow conductor, suchas 
asteel tube, laid ina body of water nnd com-— 
municating with a reservoir r’, but electric- : 
ally insulated from the same atj.. A pump 
or compressor p, of ary suitable construction, 
contects 7’ with another similar tank 7°, pro- 


_ ductors, rendered practicable by reason of the | vided with an inlet-valyev* Theair or other 
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gas which is used as the cooling agent enter- 
ing through the valvo-z? is drawn through the 
tank 72and pump into the reservoir", escap- 
_ ing thence through the ‘conductor C: under 
“gs any desired pressure which may be regulated 
by a valve v’. Both the reservoirs r' and 7” 
are kept at a low temperature by suitable 
‘means, as by coils or tubes: f ¢' and # ?, 
through which any kind of refrigerating fluid 
may be circulated, sone provision being pref- 
erably made‘for adjusting thy flow. of the 
same, as by valves.z’... Tho gas continuously 
passing through the tube or conductor C be- 
‘ing very cold will freeze and maintain in this 
15 state the water in contact with oradjacent to 
the conductor and. so insulate it. Flanged 
_ bushings?’ 7, of non-conducting material,may 
be'used' to prevent.the leakage of the current 
which would otherwise occur, owing to the 
‘formation of a superficial film of moisture 
over the ice projecting out of the water. The 
tube being kept insulated by this means may 
then be employed in‘the manner of an ordi- 
mary telegraphic or ether cable by connect- 
25 ing either or both of the terminals 0’ b? in a 
circuit including the earth. 
- In- many cases it will: be of advantage to 
‘cover the bollow conductor with a thick layer 
. Of somé cheap material, as felt, this being in- 
16 dicated by C*® in Fig:.2. Such: a covering, 
- ponetrable by water, would: be ordinarily. of 
little or no use; but. when embedded. in the 
_ ice it-im proves, the insulating qualities of the 
>, same. In this instance it furthermore serves 
ig to greatly reduce the quantity of ice required, 
. ite rate;of melting, and the influx of heat 
.Sfrom the outside, thus diminishing the ex- 
_<penditure of energy necessary. for the main- 
‘tenance of normal working conditions. As 
-@ regards this energy and other particulars of 
--.dmportance they will vary according to the 
“special demands in each case. 
~~ -Generally considered, the cooling agent will 
have to carry away heat at arate sufficient 
. 45 to keep the conductor at the desired tempera- 
ture and to maintain a layer. of the required 
« thickness of the substance surrounding it in 


10 


a frozen state, compensating continually for 


- the heat fHowing in through the layer and wall 
50 of the conductor and that generated by me- 
- Chanieal and electrical friction. To meet 
~. bhese conditions, its cooling capacity, which 
- is dependent. on the temperature, density, 

~ -velocity, and specific heat, will be calculated 
55 by the help of data and formule familiar to 
engineers. Air will be, as a rule, suitable 

, for the use contemplated; but in exceptional 
_instances some other gas, as hydrogen, may 

.. be resorted to, which will permit a» much 
60 greater rate of cooling and a lower tempera- 
ture to be reached. Obviously whichever 
“gas be employed it should before entering the 
hollow conductor or channel be thoroughly 

, dried und separated from.all which by con- 
. 65 densation and deposition or otherwise might 


"cause an obstruction to its passage. For 
. there purposes apparatus may be employed. 


tricity for industrial 


which is well known and which it is unnec- 
essary toshow in detail, == 
Instead of being wasted at the distant sta- 70 
tion the cooling agent may be. turned to some 
profitable use. Evidently in the industrial 
and commercial exploitation ot my invention 
any kind of cooling agent capable of meeting 
the reqttirements may be conveyed from one 75 
to another station and there utilized for re- 
frigeration, power, heating, lighting, sanita- 
tion, chemical processes, or any other pur- 


‘pose to which it may lend itself, and thus the 


revenue of the plant may be incre:tsed. 

As to the temperature of the conductor, it 
will be determined by the nature of its use 
and considerations of economy. Forinstance, 
if it be employed for the transmission of tele- 
graphic messages, when the loss in electrical 85 
friction may be of no consequence, a very low — 
temperature may not be required; but if it 
be used for transmitting large amounts of — 
electrical energy, when: the frictional waste - 
may be a serious drawhack, it will be desir- 90 
able to keep it extremely cold. The attain- - 
ment of this object will be facilitated by any 
provision for reducing as much as possible 
the flowing in of the heat from the surround 
ing medium. Clearly the lower the tempera- 95 
ture of the conductor the smaller will be the 
loss in electrical friction; but, on the other 
hand, the colder ‘the conductor the greater 
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will be the influx of heat from the outside 


and the cost of cooling agent. From. such too 
and similar considerations the temperature 
securing the highest economy will be pscer- 
tained. es 
Most frequently in the distribution of elec- 
urposes, as in my sys- 10g 
tem of power transmission by alternate cur- 
rents, more than one conductor will be re- 
quired, and in such cases it may be conven- 


fent to circulate the cooling agent in a closed 


path formed by the conductors A plan of 110 
this:kind is illustrated in Fig. 3, in which C’ 
and C? represent two hollow conductors em- 
bedded in a frozen mass underground and 
communicating, respectively; with the reser- 
voirs R’ and R’, which are connected by a re- 115 
ciprocating or other suitable pump P.  Cool- 

ing coils or tubes T’ T’ and T? T?, with regu- 
lating-valves v'‘v" are employed, which are~ 
similar to and serve the same purpose as 
those shown in Fig. 1. Other features of 12¢ 
similarity, though unnecessary, are. illus- |, 
trated to facilitate an understanding of the 
plan. A three-way. valve V? is provided, 
which when placed with its lever 1 ‘as indi- .- 
cated allows the cooling agent to enter 1:2 
through the tubes w’ «? and pump P, thus 
filling the reservoirs R' R* and hollow con- | 
ductors C' C*; but when turned ninety de- 
grees the valve-shuts off the communication 


-to the outside through the tube wand estab- 13¢ 


lishes a connection between the reservoir R? 
aud pump P through the tubes v? and «’, thus 
permitting the cooling agent te be circulated 
in the closed path C’ C* R? 1° y? P R’ by the 


ro 
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action of the pump. .. Another vaive V’, of 
suitable construction, may be used for regu- 
lating the flow of the cooling agent. The 
conductors C’ C? are insulated from the res- 
ervoirs R’ R? and from each other at the 
joints J’ J? J5, and they are furthermore pro- 
tected at the places where they, enter and 
leave the ground by flanged bushings I’ 1’ I? 
I, of insulating material, which extend into 
the frozen mass in order to ‘prevent the cur- 
rent from leaking, asaboveexplained. Bind- 
ing-posts B’ B’ and B* Biare provided for con- 
necting the conductors to the circuit at each 
station. 

In laying the conductors, as C’ C, what- 
ever be their number,.a trench will gener- 
ally be dug and a trough, reund or square, 
as T, of smaller dimensions than the trench, 
placed ‘in the same, the intervening space 
being packed with some material (designated 
by M M M) more or less impervious to heat, 
as sawdust, ashes, or the like. 
ductors will be put in -position and tempo- 
rarily supported in any convenient manner, 


and, finally, the trough will be filled with 
Water or other substance W, which will be 


gradually frozen by circulating the cooling 


‘agent. in the closed path, as before described. 
Usually the trench will not be-level, but will 


follow the undulations of the ground, and 
this will make it necessary to subdivide the 
trough in sections or to. effect the freezing of 
thé substance filling it successively in parts. 
This being done and the conductors thus 
insulated and fixed, a layer of the same or 
similar material M "M M will be placed. on 


the top and the whole covered with earth or. 


pavement. The trough may be of metal, as 


. sheet-iron, and in cases where the ground 


40 


is used as the return - circuit it may serve 
as 4 main, or it may be of any kind of ma- 
terial more or léss insulating. Figs. 4 and 
5 illustrate in cross-section two such ander- 


_ ground troughs 1” and T”, of sheet metal, 


45 
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with their adiathermanous inclosures, (desig-. 


nated M’ and M”, respectively,) each trough 
containing a single central hollow conductor, 
as 0' OC”. In the first case the insulation Ww 
is supposed tobe ice obtained by freezing 
water preferably freed of vir in order to ex- 


’ elude the formation of dangerous bubbles or 
_ vavities, while in the second ‘case the frozen 
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inass ‘W" is some aqueous or other substance 
or mixture highly insulating when in this 
condition. 

Itshould be stated that in many instances 
it may be practicable to dispense with a 
trough by resorting to simple expedients in 
the placing aud insulating of the conductors. 
In fact, for some purposes it may be sufficient | 
to simply cover the latter with a moist. mass, 
as cement or other plastic material, which so 
long asit is képt ata very low temperature 
and frozen hard will-afford adequate insula- 
tion. 

Another typical way of carrying out my in- 
vention,.to which reference has already been 


Next the con- 


$$ - 


made, is shown in Fig. 6, which represents 
the cross-section of a trongh, the same in 
other respects as those before shown, but 
containing instead of a hollow conductor any 
kind of pipe or conduit L. Thecooling agent 
may be driven in any convenient manner 
through the pipe forthe purpose of freez- 
ing the water. or other substance filling the 
trough, thus insulating and fixing a number 
of conductorscéc. Sucha plan may be par- 


ticularly suitable in cities for insulating and 


fixing telegraph and telephone wires or the 
like. In such cases an exceedingly-low tem- 
perature of the cooling agent may not be-re- 
quired, and the insulation will: be obtained 
at the expense of little power. The conduit 
L may, however, be used simultaneously for 
conveying and distributing any kind of gase- 
ous cooling agent for which there isa demand 


through the district. Obviously twosueh con-| 
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duits may be provided and used ina similar ; 


manner.as the conductors C’ C*._ 
It will often. be desirable to place in. the 


ge 


same trough a great number of wires or con- © 


ductors serving for a variety of purposes. 
In such acase a plan may be adopted which ia 


‘illustrated in Fig. 7, showing a trough simi- 


lar. to that in Fig. 6 with the conductors in 
cross-section. The cooling agent may be in 
this instance circulated, as in Fig. 3 or oth- 
erwise, through the fwo hollow conductors C* 
and C‘, which if found-advantageous may be 
covered with a layer of cheap material mm, 
such as will improve their insulation, but not 
prevent the freezing or solidification of the 
surroundingsubstance W. The tubular con- 
duetors OC’ C*, preferably of iron, may then 
serve to convey heavy currents for supplyiug 
light and power, while the small ones cc’ c’, 
embedded: in the ice or frozeu mass, may be 
used for any other purposes. 

While my invention contemplates, chiefly, 
the insulation of conductors employed in the 
transmission of electrical.energy to a dis- 
tance, it may be, obviously, otherwise use- 
fully applied. In some instances, for exam- 
ple, it may be desirable to insulate and sup- 
port a conductor in places as is ordinarily 
done by means of glass or porcelain insula- 
tors. ‘This may be effected in many ways by 
conveying a cooling agent either through the 
conductor or throngh an independent chan- 
nel and freezing or solidifying any kind of 
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substance, thus enabling it to serve the pur- - 


pose. Such an artificial insulating-support 
is illustrated iu Fig. 8, in which a represents 
a. vessel filled with water. or other substance 
w, frozen by the agent circulating through 
the hollow contiuctor C"’", which is thus insu- 
lated and supported. 
lation on the top, where it is most liable to 


give way,a layer of some substance w’, as oil, 
| may be used, and the conductor may be cov- 


ered near the support with insulation 77, as 
shown, the same extending into the oil, "for 
reasons well understood. 


12§ 


To improve the insu- . 


130 


Another typical application of my inven- 


4 


tion is shown in Fig. 9, in which P’ and S’ 
represent, respectively, the primary and sec- 


-ondary conductors, bare or insulated, of a 
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transformer, which are wound..on a core N 
and immersed in water or other substance W, 


contained in a jatII, and, as before stated,. 


preferably freed of air by boiling or other- 
wise. The cooling agent is circulated in any 
convenient manner, as through the hollow 
primary I”, fur the purpose uf freezing the 
substance W. Flanged bushings d d and oil- 
cups ee, extending into the frozen mass, illus- 
trate suitable means for insulating the ends 
of: the two conductors and preventing the 
leakage of the currents., A transformer as 
described is especially fitted for use with cur- 
rents of high frequency when a low tempera- 
ture of the conductors is particularly desir- 
able, and ice affords an exceptionally-effect- 
ive insulation. 

It will be understood that my invention may 
be applied in many other ways, that the spe- 
cial means here described will be greatly va- 
ried according to the necessities, and that in 
each case many expedients will be adopted 
which are well known to engineers and elec- 


_ tricians and on which it is unnecessary to 
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dwell. However, it may be useful to state 
that in some. instances a special provision 
will have to be made for effecting a uniform 
cooling of the substance surrounding the con- 
ductor throughout its length. Assuming in 
Fig. 1 the cooling agent to escape at the dis- 
tant end freely into the atmosphere or into a 


" reservoir maintained at low pressure, it willin 


passing through the hollow conductor C move 
witha velocity steadily increasing toward the 


_end, expanding isothermally, or nearly so, and 


hence it will causean approximwately-uniform 
formation of ice along the conductor. Inthe 
plan illustrated in Fig. 3 a similar result will 
be in & measure attained, owing to the com- 
pensating effect of the hollow conductor C’ 
and C*, which may be still further enhanced 
by reversing periodically the direction of the 
flow in any convenient manner; but in many 
cases special arrangements will have to be 
employed to render the cooling more or less 
uniform. For instance, referring to Figs. 4, 
5, and 6, instead of a single channel two con- 
centric channels L’ and L? may be provided 
and the cooling agent passed throngh one and 
returned through the other, as indicated, dia- 
grammatically, in Fig. 19. In this and any 
Similar arrangement when the flow takes place 
in opposite directions the object aimed at will 
be more completely attained by reducing the 
temperature of the circulating cooling agent 


at the distant station, which may be done by 


simply expanding it into a large reservoir, 
as R*, or cooling it by means of a tube or coil 
T* or otherwise. Evidently in the case illus- 
trated the concentric tubes may. be used as 
independent conductors if insulated from 
each other and from the ground by the frozen 
or solidified substance. : 
Generally in the transmission of electrical 


11,865 


energy in large amonnts, when the quantity 
of heat to be carried off may be considerable, 
refrigerating apparatus thoroughly protected 
against the inflow of heat from the outside, 
as usual, will be employed at both the sta- 
tions and when the distance between them is 
very great. also at intermediate points, the 
machinery being advantageously operated by 
the currents transmitted or cooling. agent 
conveyed. 
freezing of the insulating. substance will. be 
attained without. difficulty by the compen- 
sating effeet of the oppositely - circulating 
cooling agents. ‘In large plants of this kind 


‘when the saving of electrical energy in. the 
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In such cases a fairly-uniform. . 


80 


transmission is the most important consider- | 


ation or when the chief object is to reduce 
the cost of the mains by the employment.of 
cheap metal, as iron or otherwise, every ef- 
fort will be wade to maintain the conductors 
at the lowest possible temperature, and well- 
known refrigerating processes, as those based 
on the regenerative principle, may be resorted 
to, and in this and any other case the hollow 


85 


conductors or channels instead of merely serv- | 


ing the purpose of conveying thé cooling agent. 


may themselves form active parts of the re- 
frigerating apparatus. 


From the above description it will be readily: 


seen that my invention forms 2 fundamen- 
tal departure in the principle from the estab- 
lished methods of insulating conductors em- 
ployed in the industrial and commercial ap- 
plication of electricity. It aims, broadly, at 
obtaining insulation by the continuous ex- 
penditure of a moderate amount of energy 
instead of securing it only by virtue of an in- 
herent physical property of the material used 
as heretofore. 
té provide, when and wherever required, in- 
sulation of high quality, of any desired thick- 


More especially, its object is | 
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ness, and exceptionally cheap, and to enunble . 


the transmission of electrical energy under 


conditions of economy heretofore unattain- 


able and at distances until now impracticable 
by dispensing with the necessity of using 
costly conductors and insulators. 

What I claim as my invention is— 

1. The method of insulating electric con- 
ductors hereiu described which consists in im- 
parting insulating properties to material sur- 
rounding or contignons to the said conductor 


by the continued action thereon of a gaseous. 


cooling agent, as set forth. 


_ 2. The method of insulating electric con-. 


ductors herein described which consists in re- 
ducing to and maintaining in a frozen or 30- 
lidified condition the material surrounding or 


contiguous to the said conductor by the ac- 
tion thereon of a gaseous cooling agent main- | 


tained in circulation through one or more 
channels as set forth, : ; 

3. The method of insulating electric con- 
duetors herein described which consists in 


surrounding or supporting the conductor by . 


material which acquires insulating properties 
when in a frozen or solidified state, and main- 
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‘taining ‘the material in such a state by the 


circulation through one or more channels ex- 
tending through it of a gaseous cooling agent, 
as set forth. 

4. The method of insulating an electric con- 
ductor which consists in surrounding or sup- 
porting said conductor by a material which 
acquires. insulating properties when frozen or 
solidified, and maintaining the material in 
such state by passing a gaseous cooling agent 
continuously through a chanuel in said con- 
ductor, as set forth. 

5. The method of insulating electric con- 
ductors, which consists in surrounding or sup- 
porting the said conductors by a material 
which acquires insulating properties when in 
« frozen or solidified state, and maintaining 
the material in such state by the continued 
application thereto of a gaseous cooling agent, 
asset forth. 

6. The method of: insulating conductors 
herein set forth which consists in surround- 
ing of supporting the conductors by a mate- 


‘rial which acquires insulating properties 


when ina frozen or solidified state, and main- 
taining the material in such state by the cir- 
culation of a gaseous cooling agent through 
a circuit of pipes or tubes extending through 
abe said material as set forth. 

The method of insulating electric con- 


ductors which consists in laying or support- }.. 


ing the conductors in a trough or conduit fill- 


ing the trough with a material whieh : acquires 


insulating properties when frozen or solidi-: 


fied, and then causing a gaseous couling agent 
to cirenlate through one or more.channels ex- 
tending through the material in the trough so 


as to freeze or solidify the material, a8 set, 


forth. 

8. The method of insulating electric con- 
ductors which consists in embedding thé same 
in « moistor plastic componnd which acquires 
insulating properties when in s frozen or so- 
lidified state, and maintaining the compound 
in such state by circulating 4 gaseous cooling 
agent through one or more channels extend- 
ing through the componnd, as set forth. 

9.. The method of insulating electric con- 
ductors which cousists in laying or support- 


ing the conductors in a trough or conduit, fill- 


ing the trough with a material which acquires 
insulating properties when frozen or solidi- 
fied, protecting the trough from thesurround-. 
ing medium in which it is laid by an adia- 
thermanous inclosure, and then freezing or 
solidifying the material surrounding the con- 


ductors and maintaining the same in such. 
state by circulating a gaseous cooling agent. 


through one or more channels. extending 
through the same, as set forth. 
NIKOLA TESLA. 
Witnesses: 
DrRuRY W. COOPER, 
JOHN C. KERR. 
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